1. Introduction {#s0005}
===============

In December 2019, the novel coronavirus--infected pneumonia (NCIP) is first found in Wuhan, Hubei Province, China \[[@bb0005], [@bb0010], [@bb0015], [@bb0020]\]. It is highly associated with Huanan Seafood Wholesale Market. As the ongoing spring festival travel in China and the worldwide travel, the number of NCIP patients have been rapidly increased \[[@bb0025]\]. There are more than 70,000 cases by February 20, 2020 in China. On January 3, 2020, the 2019 novel coronavirus (COVID-19) is identified to result in NCIP, and is a novel betacoronaviruses confirmed by high-throughput sequencing \[[@bb0030],[@bb0035]\]. COVID-19 is defined as the seventh member of enveloped RNA coronavirus (subgenus sarbecovirus, Orthocoronavirinae subfamily), and has some similar features of severe acute respiratory syndrome coronavirus (SARS-CoV) \[[@bb0030]\].

COVID-19 is highly thought to be associated with Huanan Seafood Wholesale Market and delivered to humans from wild animals illegally sold \[[@bb0040]\]. According to the first 425 confirmed NCIP in Wuhan from December 2019 to January 2020, the epidemiologic characteristics confirmed human-to-human transmission among close contacts since the middle of December 2019 and revealed that the epidemic was doubled in size every 7.4 days in the early stage \[[@bb0015]\]. The human-to-human transmission of NCIP was also confirmed by case reports and family settings \[[@bb0045], [@bb0050], [@bb0055], [@bb0060]\]. The novel coronavirus was found in stool samples of patients with abdominal symptoms, indicating that fecal-oral transmission might occur for NCIP \[[@bb0065]\].

Some studies have helped understand the molecular, clinical and epidemiological features of the COVID-19 \[[@bb0030],[@bb0070],[@bb0075]\]. One cohort study conducted in Jin Yin-tan Hospital (Wuhan, China) first reported the epidemiological, clinical, laboratory and radiological characteristics, as well as clinical outcomes in 41 NCIP patients \[[@bb0080]\]. The clinical features mainly include fever, cough, dyspnea, myalgia, fatigue, sputum production, headache, haemoptysis, and diarrhoea \[[@bb0085],[@bb0090]\].

Some underling comorbidities may have some effect on the exacerbation of NCIP, and they include diabetes, hypertension, cardiovascular disease, chronic obstructive pulmonary disease (COPD), malignancy and chronic liver disease etc. \[[@bb0090], [@bb0095], [@bb0100], [@bb0105]\]. In addition, the exacerbations of some cases commonly lead to organ dysfunction such as shock, acute respiratory distress syndrome (ARDS), acute cardiac injury, acute kidney injury and even death \[[@bb0080],[@bb0110]\]. Some severe patients with COVID-19 resemble that of SARS-CoV \[[@bb0040],[@bb0080]\]. Another cohort study also systematically reported the epidemiological and clinical features of 138 patients with NCIP in Zhongnan Hospital of Wuhan University (Wuhan, China) \[[@bb0090]\].

Nonpharmaceutical interventions such as shutdown of public gathering places, wearing of facial masks and social distancing are still effectively slow the spread of the disease. There is currently no antiviral treatment or vaccine specifically designed for this virus with field-proven effectiveness, and supportive therapies are mainly used for these patients \[[@bb0115]\]. There have been more than 2, 000 deaths in China. This meta-analysis is conducted to reveal the risk factors for CFR in patients with COVID-19, which is valuable to improve the treatment and prognosis of these patients.

2. Methods {#s0010}
==========

Ethical approval and patient consent were not required because this was a meta-analysis of previously published studies. Two investigators independently searched the following databases (inception to February 202,020): PubMed, Google scholar, medRxiv and CNKI. The electronic search strategy was performed using with the following keywords: "novel coronavirus" or "COVID-19", and "epidemiological" or "clinical features" or "clinical characteristics" or "death" or "case fatality rate" or "CFR".

The following inclusive selection criteria were applied: (i) patients were diagnosed with 2019 novel coronavirus diseases (COVID-19) (ii) study design was the cohort study comparing fatal patients with non-fatal patients (or severe cases versus non-severe cases).

We used a piloted data-extraction sheet, and collected the following information: publication year, first author, number of patients, age, gender and the number of non-severe/severe cases in two groups. Data were extracted independently by two investigators. This meta-analysis focused on the risk factors including baseline characteristics and severity on the CFR of COVID-19. Furthermore, the risk factors that would be analyzed should be compared in both of two included studies.

Odds ratio (OR) with 95% confidence intervals (CI) was used for all dichotomous outcomes. The random-effects model was used regardless of heterogeneity which was assessed by I^2^ statistic. I^2^ \> 50% indicated significant heterogeneity \[[@bb0120]\]. Sensitivity analysis was needed when encountering significant heterogeneity. *P* \< .05 suggested statistically significance between two groups. All analysis were conducted using Review Manager Version 5.3.

3. Results {#s0015}
==========

A detailed flowchart of the search and selection results is shown in [Fig. 1](#f0005){ref-type="fig"} . One hundred potentially relevant articles were identified initially, and two cohort studies involving 48,666 patients are finally included in this study \[[@bb0115],[@bb0125]\]. Two studies that did not compare the epidemiological and clinical features between fatal cases and non-fatal cases are removed \[[@bb0080],[@bb0085]\].Fig. 1Flow diagram of study searching and selection process.Fig. 1

Among the two included cohort studies, one preprint trial reports 8866 patients including 4021 laboratory confirmed patients from 30 provinces through January 26, 2020 \[[@bb0115]\]. Another study is published in Chinese and involve 44, 672 confirmed patients from the team of Chinese Center for Disease Control and Prevention (CDC). The data collected is from information system for infectious disease reporting through February 11th, 2020 \[[@bb0125]\].

The main characteristics (e.g. age, gender and severity of patients) of the two cohort studies are presented in [Table 1](#t0005){ref-type="table"} . After carefully analyzing the two studies, age, sex, occupation and severity are selected for the association with CFR of COVID-19.Table 1Characteristics of included studiesTable 1Study 1: Yang 2020Study 2: CDC 2020GroupNumberAgeMaleFemaleNon-severe/ severe cases (n)NumberAgeMale (n)Female (n)Non-severe/ severe cases (n)Fatal group5869 ± 1544143/551023--6533700/1023Non- fatal group396348 ± 16216917943083/88043,649--22,32821,32136,417/7232

3.1. Association analysis between age with CFR {#s0020}
----------------------------------------------

Two studies revealed that severe cases are significantly older than those non-severe cases \[[@bb0085],[@bb0090]\]. The study conducted by Guan et al. involving 1099 patients with confirmed novel coronavirus that severe cases have significantly older age than non-severe cases (52.0 (40.0--65.0) versus 45.0 (34.0--57.0), median (range), *P* \< .001) \[[@bb0085]\]. These indicate that old age may also result in the increase in CFR in these patients.

The association analysis between age range with CFR is revealed in [Fig. 2](#f0010){ref-type="fig"} . The age ≤ 50 (OR = 0.07; 95% CI = 0.06 to 0.10; *P* \< .00001) and ranging 50--60 (OR = 0.50; 95% CI = 0.42 to 0.60; P \< .00001) is associated with obviously relatively lower incidence of CFR, while the age ranging 60--70 (OR = 1.85; 95% CI = 1.62 to 2.11; P \< .00001) and especially≥70 (OR = 8.45; 95% CI = 7.47 to 9.55; P \< .00001) results in the significant increase in CFR. These results suggest that age ≥ 60 can be regarded as the risk factor for CFR in patients with COVID-19.Fig. 2The association analysis between age with CFR.Fig. 2

3.2. Association analysis between sex with CFR {#s0025}
----------------------------------------------

In this study, we mainly find the association between sex and CFR of these patients ([Fig. 3](#f0015){ref-type="fig"} ). This meta-analysis indicates that the sex of female is associated with relatively lower incidence of CFR (OR = 0.53; 95% CI = 0.37 to 0.77; *P* = .0008), while the sex of male leads to the obvious increase in CFR for COVID-19 (OR = 1.88; 95% CI = 1.30 to 2.73; P = .0008).Fig. 3The association analysis between sex with CFR.Fig. 3

3.3. Association analysis between occupation with CFR {#s0030}
-----------------------------------------------------

The CDC study reported five kinds of occupation, including service industry, farmer/worker, medical worker, retiree, and others \[[@bb0125]\]. In order to perform the analysis between occupation with CFR, service industry, farmer/worker, and medical worker are generally regarded as employed persons, while others are generally thought to be unemployed persons.

In our meta-analysis between occupation with CFR ([Fig. 4](#f0020){ref-type="fig"} ), the results indicate that employed persons (OR = 0.31; 95% CI = 0.19 to 0.52; *P* \< .00001) and unemployed persons (OR = 0.71; 95% CI = 0.63 to 0.81; P \< .00001) lead to relatively lower incidence of CFR, but retirees have the significant increase in CFR in patient with COVID-19 (OR = 4.27; 95% CI = 2.50 to 7.28; P \< .00001).Fig. 4The association analysis between occupation with CFR.Fig. 4

3.4. Association analysis between severity with CFR {#s0035}
---------------------------------------------------

It is widely accepted that severe cases receive intensive care unit (ICU) care, while non-severe cases do not receive ICU care. Among 41 admitted hospital patients with COVID-19 in Jin Yin-tan Hospital, Wuhan, China, there are 5 deaths in 13 ICU patients (38%) and 1 death in 28 non-ICU patients (4%), suggesting that severe cases is more likely to die \[[@bb0080]\].

This meta-analysis also confirms it ([Fig. 5](#f0025){ref-type="fig"} ). Non-severe cases have significantly lower incidence of CFR for COVID-19 (OR = 0.02; 95% CI = 0 to 0.05; *P* \< .00001), while severe cases reveal the remarkable improvement in CFR (OR = 691.76; 95% CI = 4.82 to 99,265.63; *P* = .01).Fig. 5The association analysis between severity with CFR.Fig. 5

3.5. Association analysis between time periods with CFR {#s0040}
-------------------------------------------------------

The time periods are generally divided into three periods: before January 10 (or 14), 2020, after January 21 (or 22), 2020 and the middle time period between them. In our meta-analysis ([Fig. 6](#f0030){ref-type="fig"} ), the CFR before January 10 (or 14), 2020 is relatively high (OR = 5.14; 95% CI = 1.74 to 15.15; *P* = .003), but the CFR is significantly reduced after January 21 (or 22), 2020 (OR = 0.21; 95% CI = 0.19 to 0.24; *P* \< .00001).Fig. 6The association analysis between time period with CFR.Fig. 6

4. Discussion {#s0045}
=============

The transmissibility of COVID-19 is similar to that of SARS-CoV in the range of 2.9--3.3% \[[@bb0115]\]. The overall adjusted CFR is estimated to be 3.06% for the COVID-19, which is lower than those of SARS-CoV (9.2%) and MERS-CoV (34.4%) \[[@bb0100]\]. One included study demonstrates that patients in ICU group is significantly older than those in non-ICU group (66 (57--78) versus 51 (37--62), median (IQR), *P* \< .001) \[[@bb0090]\], which is consistent with the study conducted by Guan et al. \[[@bb0085]\].

Furthermore, the old age limit ≥65 years may be defined as the risk factor for exacerbation of COVID-19 (P \< .001) \[[@bb0085]\]. Our results reveal that age ranging 60--70 age and especially≥70 is found to have notably increased CFR in these patients, and thus age ≥ 70 can be regarded as the important risk factor for increased CRF. In addition, retirees are revealed to have improved CFR than other occupations of patients with COVID-19 in this meta-analysis, which may be attributed to older age of retirees.

Patients with low immune function such as old age, obesity, presence of comorbidity, HIV infection, long­term use of immune-suppressive agents and pregnant women may have improved CFR \[[@bb0130]\]. Prompt administration of antibiotics to prevent infection and immune support treatment may reduce the complications and CFR of these patients \[[@bb0040]\]. The reduced lymphocytes was found in most patients, suggesting that 2019­nCoV may mainly damage lymphocytes, especially T lymphocytes, which was similar to SARS­CoV. Substantially decreased T lymphocytes might be an important factor for predicting the exacerbations of patients \[[@bb0135]\].

A descriptive study reported 99 cases of NCIP from Wuhan Jinyintan Hospital from Jan 1 to Jan 20, 2020, and demonstrated that older men with comorbidities was more likely to suffer from NCIP and ARDS. \[[@bb0040]\]. In contrast, the proportion of men and women showed no statistical difference between ICU patients and non-ICU patients in another study \[[@bb0090]\]. There are conflicting results regarding the relationship between sex and severity of COVID-19. In this meta-analysis, male patients have significantly higher CFR than female patients. Resembling the SARS-CoV and the Middle East Respiratory Syndrome coronavirus (MERS-CoV), COVID-19 was reported to adversely affect the elderly male subpopulation more than any other subpopulations, as evidenced by both the highest incidence of confirmed patients and the highest CFR \[[@bb0080]\]. Asian males have higher prevalence of ACE2 receptors in their lungs and the virus acts mainly through binding to ACE2 receptors, which may account for the gender difference \[[@bb0140]\].

It is generally known that severe cases and patients receiving ICU have higher possibility of death than other patients for diseases. One cohort study involving 1099 patients reported 14 deaths in 173 severe cases (8.1%) and 1 death in 926 non-severe cases (0.1%), and significant difference of CFR is observed between severe cases and non-severe cases \[[@bb0085]\]. These results are also confirmed in this meta-analysis. Severe cases with COVID-19 have increased CFR than non-severe cases.

Regarding the sensitivity analysis, there is significant heterogeneity for occupation, severity and time period. Several reasons may account for this heterogeneity. Firstly, in the analysis of CDC study, service industry, farmer/worker, and medical worker are generally regarded as employed persons, while others are generally thought to be unemployed persons \[[@bb0125]\], which may produce the heterogeneity for occupation. Secondly, one study reported the mild pneumonia/non-pneumonia versus severe pneumonia \[[@bb0115]\], while the CDC study reported the mild cases versus severe/critically ill cases \[[@bb0125]\], and thus there is lack of clear definition of non-severe versus severe cases, which may cause the heterogeneity for severity analysis. Thirdly, different patient populations in the three time periods are selected in two studies, which may explain the heterogeneity for the analysis of time periods. Fourthly, these two studies are retrospective trials, which also produce some heterogeneity.

One study also confirmed that the patients in ICU group had more comorbid diseases than those patients in non-ICU group \[[@bb0090]\]. Older age and comorbidity may be risk factors for the exacerbation of NCIP \[[@bb0040]\]. Furthermore, the comorbid diseases such as cardiovascular diseases, COPD and hypertension may also increase the CFR in COVID-19 patients. Existing antiviral treatments such as lopinavir/ritonavir and remdesivir have been evaluated and used for treating SARS-CoV and MERS-CoV infections \[[@bb0145],[@bb0150]\]. They are also considered for the treatment of COVID-19 infections \[[@bb0105]\]. Clinical trials with large patient sample should be carefully designed and implemented to assess their efficacies.

This meta-analysis has several potential limitations. Firstly, there are only two retrospective cohort studies included, and more studies with larger sample should be conducted to investigate this issue. Secondly, there is significant heterogeneity for occupation, severity and time period, which may be caused by different definition of occupation, severe cases and different patient population in the three time periods. Thirdly, there may be some repetitive data in these two studies, which may have some influence on the pooling results. Fourthly, there may be some confounding relationship between the occupation of retiree and age, but it is not available to adjust the occupation of the retiree by age based on current limited data.

In conclusion, this study reveals the several factors including age ≥ 60, sex of male, occupation of retirees and severe cases can substantially increase the CFR in patients with COVID-19. These findings are of crucial importance for timely treatment and good prognosis of these patients.
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